This study examined nonword repetition performance in a population-based sample of school-age children. A total of 581 second graders who were participating in a longitudinal, epidemiologic investigation of specific language impairment (SLI) were administered the Nonword Repetition Task (NRT) developed by Dollaghan & Campbell (1998) . Performance was examined according to second-grade diagnostic category, presence/absence of language impairment, and treatment status. Results indicated that children with language impairment, as well as those in intervention, exhibited deficient nonword repetition skills compared to normal language controls. Findings also confirmed that the NRT is a culturally nonbiased measure of language processing. Results from likelihood ratio analyses indicated that NRT performance, though not sufficient on its own, may provide a useful index to assist in ruling in or ruling out language disorder.
T
here has been considerable interest in the last decade in children's performance on nonword repetition tasks as a means of investigating cognitive processes underlying normal language acquisition, as well as causal mechanisms in language impairment (Bishop, North, & Donlan, 1996; Edwards & Lahey, 1998; Baddeley, 1990a, 1990b; Gathercole, Willis, Baddeley, & Emslie, 1994; Montgomery, 1995) . More recently, the clinical utility of this measure to accurately classify children with and without language impairment has also been evaluated (Dollaghan & Campbell, 1998) . Nonword repetition is a paradigm that has been used extensively by Baddeley and colleagues as a measure of phonological working memory (cf. Baddeley, 1998) , though there is debate in the literature regarding the underlying processes involved, particularly as related to children's language development (cf. Bowey, 1996 Bowey, , 1997 Gathercole, 1995b; Gathercole & Baddeley, 1997; Metsala, 1999; Wells, 1995) . There is a substantial amount of research by Gathercole and Baddeley that has demonstrated a link between nonword repetition performance and language abilities in young, typically developing children (Baddeley, Gathercole, & Papagno, 1998; Gathercole & Baddeley, 1990b; Gathercole, Hitch, Service, & Martin, 1997; Gathercole et al., 1994; Gathercole, Willis, Emslie, & Baddeley, 1992) . Based on the results from cross-lagged partial correlation analyses within a longitudinal study of language acquisition, Gathercole et al. (1992) concluded that nonword repetition ability exerted a strong causal influence on vocabulary knowledge between 4 and 5 years of age.
In a recent study, Gathercole, Service, Hitch, Adams, and Martin (1999) found a strong association between phonological memory skills and vocabulary knowledge in adolescents, suggesting that phonological memory constraints continue to be a factor in word learning during this period of development. Various language skills in addition to vocabulary have been found to be associated with nonword repetition in children during the early school-age years, such as grammatical comprehension and reading (Gathercole et al., 1994) .
A number of investigations, employing various nonword repetition tasks, have found that children with specific language impairment (SLI) perform more poorly than normal language peers (Bishop et al., 1996; Dollaghan & Campbell, 1998; Edwards & Lahey, 1998; Gathercole & Baddeley, 1990a; Montgomery, 1995) . Based on their findings, Gathercole and Baddeley (1990a) concluded that children with SLI exhibit significantly poorer phonological working memory than controls matched on nonverbal cognition or language level (however, see the controversy regarding the interpretation of these findings as discussed by van der Lely & Howard, 1993; Howard & van der Lely, 1995; Gathercole & Baddeley, 1995) . Montgomery (1995) replicated the Gathercole and Baddeley (1990a) findings and similarly interpreted his results as indicating that children with SLI have reduced phonological storage capacity. Using the task developed by Gathercole and Baddeley, Bishop et al. (1996) examined nonword repetition in twins who had participated in a genetic study of language impairment. They found that children with language impairment, as well as those with resolved language impairment, were significantly impaired in nonword repetition. Given their results, Bishop et al. suggested that deficits in nonword repetition constitute a phenotypic marker of developmental language impairment. In a subsequent investigation (involving a sample of twins that partially overlapped with those examined in the Bishop et al. 1996 study), Bishop and colleagues (1999) replicated the earlier findings that nonword repetition gives high estimates of heritability.
There has been a good deal of consideration of the cognitive processes involved in nonword repetition (cf. Edwards & Lahey, 1998; Gathercole et al., 1994) . One issue that has been examined is the extent to which phonological working memory versus long-term memory (prior lexical knowledge) constrains performance (Dollaghan, Biber, & Campbell, 1993 Gathercole, 1995a; Snowling, Chiat, & Hulme, 1991) . Gathercole (1995a) reported that nonword repetition of low wordlike stimuli was largely dependent on phonological working memory, whereas repetition of high wordlike items was additionally mediated by long-term memory. Alternatively, Metsala (1999) contends that the association between nonword repetition and vocabulary is not due to phonological short-term memory capacity, but instead can be accounted for by phonological awareness abilities. According to this view, vocabulary growth leads to more segmentalized phonemic representations, which mediates improved nonword repetition performance (such that high wordlike items are more likely to be represented in segmental form and therefore more easily analyzed than low wordlike stimuli). Although the exact nature of the relation between nonword repetition ability, wordlikeness, and long-term lexical knowledge is not clear, studies have shown that children with language impairment continue to perform significantly worse than normal language controls even when lexical features of the nonword stimuli have been adjusted to reduce wordlikeness (Dollaghan & Campbell, 1998; Edward & Lahey, 1998) . Based on a thorough examination of possible explanations for nonword repetition difficulties in SLI, Edwards and Lahey (1998) found no evidence of differences in auditory discrimination or response processes for children with and without language impairment; however, their findings did indicate differences either in the formation or storage of phonological representations in working memory.
Several studies have investigated the clinical usefulness of nonword repetition tasks, particularly for assessing language skills of children from diverse cultural backgrounds. Campbell, Dollaghan, Needleman, and Janosky (1997) evaluated the performance of typically developing children from minority and majority backgrounds on a nonword repetition task and two other processing-dependent measures, compared to performance on knowledge-dependent measures that drew heavily on experience and vocabulary knowledge. The findings of this study revealed that minority children scored significantly lower than those from the majority culture on knowledge-dependent measures; however, the groups did not differ in terms of their performance on any of the processing measures. Based on these results, Campbell et al. have suggested that processing measures such as nonword repetition may provide a culturally nonbiased assessment of language disorder.
In a recent study, Dollaghan and Campbell (1998) examined nonword repetition performance in school-age children with and without language impairment, using enrollment in language intervention as the criterion for inclusion in the group with language impairment. The nonword repetition task developed for use in this investigation consisted of a set of nonsense words that increased from one to four syllables in length, in which the wordlikeness and articulatory difficulty of the stimuli were carefully controlled. Findings from the first study within this investigation indicated that children enrolled in language intervention were significantly less accurate in their repetition of nonwords than age-matched, typically developing peers. In fact, there was no overlap in the performance of the two groups in terms of scores for the three-and four-syllable nonwords and the task overall. Cultural influences on nonword repetition performance appeared to be minimal, given that the mean scores for children from different ethnic groups were nearly identical. In a second study, the effectiveness of the nonword repetition task as a diagnostic tool was compared to that of a traditional language test. Results of likelihood ratio analyses indicated that the groups could be distinguished on the basis of their nonword repetition performance with a high degree of accuracy. In contrast, the traditional language test was not very accurate in classifying children according to their current treatment status. Given these findings, the investigators have suggested that nonword repetition may serve as a valuable clinical screening tool for identifying language impairment.
The purpose of the present study was to extend the findings of prior research on nonword repetition in children with language impairment to a large, populationbased sample, rather than a clinically referred sample, and to confirm the extent to which nonword repetition performance can serve as a clinically useful index of language disorder, regardless of cultural background. Further, we were interested in determining whether deficits in nonword repetition were unique to children with SLI, as these children are typically defined, or whether nonword repetition deficits were also characteristic of children with nonspecific language impairment (NLI) who exhibit equivalent delays in nonverbal cognition and language abilities.
The role of cognitive discrepancy criteria in defining SLI and the traditional nonverbal IQ criterion of 85 or above (Stark & Tallal, 1981) has come under scrutiny (Aram, Morris, & Hall, 1992; Leonard, 1998; Plante, 1998; Tager-Flusberg & Cooper, 1999) . As noted by Tager-Flusberg & Cooper (1999) , research in the area of dyslexia has indicated the same basis for reading difficulty in children with a wide range of nonverbal IQs, leading to the elimination of nonverbal IQ level and discrepancy criteria (between nonverbal IQ and reading scores) in diagnosing reading impairment. Leonard (1998) has argued that data from an investigation by Fey, Long, and Cleave (1994) can be viewed as support for the arbitrary nature of the nonverbal cognitive cutoff of 85 in the classification of language impairment. These investigators found that gains in grammatical skills made by children with IQs between 70 and 84 were at least comparable to those meeting typical criteria for SLI (IQs above 85). Genetic research by Tomblin and Buckwalter (1998) has revealed similar heritability estimates for children with normal-range nonverbal IQs and for those with lower IQs. Further, findings from the Iowa epidemiologic study have indicated that the basic language phenotype based on standardized language measures is similar for children with language impairment whose nonverbal IQs fall above or below 85 (Tomblin & Zhang, 1999) . Recent results from a study by Bishop and colleagues (1999) also call into question the utility of discrepancy criteria in defining language impairment. In one set of analyses, these investigators subdivided a group of children with language impairment who had nonverbal IQs of 80 or above into those who met criteria for specific language impairment (involving a 15-point discrepancy between receptive language and nonverbal IQ) and those who did not meet discrepancy criteria. The overall pattern of auditory processing findings (on Tallal's Auditory Repetition Task) was equivalent regardless of whether language impairment was defined in terms of discrepancy criteria or not. Clearly, these issues warrant additional investigation given the wide ranging implications in terms of understanding the nature of developmental language impairment and establishing an appropriate phenotype.
In this investigation, children participating in a longitudinal, epidemiologic study of language impairment were administered the nonword repetition task employed by Dollaghan and Campbell (1998) . The following research questions are addressed by this study: (a) Are there significant differences in nonword repetition performance for children grouped according to presence/ absence of language impairment defined broadly, second-grade diagnostic category (including the standard definition of SLI), or treatment status (i.e., enrolled or not enrolled in speech-language intervention)? (b) How accurately do nonword repetition task scores rule in and rule out cases based on each of these groupings? (c) Do children from different cultural-ethnic backgrounds perform similarly on the nonword repetition task?
Method Participants
Participants in this study consisted of 581 secondgrade children who were participating in a longitudinal, epidemiologic investigation of specific language impairment. Originally, 604 children had been administered the nonword repetition task; however, 22 children whose performance IQs fell below 70 were excluded from this investigation, along with 1 child whose audiotaped responses were not available due to technical difficulties. Details of the stratified cluster sampling procedure from which this population sample of children was drawn have been described by Tomblin, Records, Buckwalter, Zhang, Smith, and O'Brien (1997) .
The average chronological age of children in the sample was 95 months, with a range of 85 to 107 months. The total sample consisted of 329 males and 252 females, including 89 males and 75 females with language impairment. The racial/ethnic breakdown of the sample was as follows: 493 Caucasian, 74 African American, 8 Hispanic, 4 Asian, and 2 American Indian children. The socioeconomic status of the sample, as indexed by number of years of maternal education, was similar for Caucasian children (M = 13.58, SD = 2.12) and children of color (M = 13.200, SD = 2.17). All children were from monolingual, English-speaking homes. None of the children evidenced mental retardation, emotional disturbance, motor difficulties, or frank neurological deficits based on parent and teacher report. All children passed a hearing acuity screening (20 dB at 500, 1000, 2000, and 4000 Hz, per ASHA guidelines), conducted at the same time the experimental task was administered in second grade, and had previously passed acuity and middle-ear screening during their kindergarten assessment.
Second-grade diagnosis was used for the purposes of the analyses reported in this study. Criteria for the second-grade diagnosis are similar to those used for the EpiSLI kindergarten diagnosis for this same sample of children as described by Tomblin, Records, and Zhang (1996) , though some of the actual measures were not the same due to the differing developmental levels being assessed. The language measures were classified along two dimensions: expressive-receptive abilities and analytic level, that is vocabulary, sentence, and narrative skills. The Peabody Picture Vocabulary Test-Revised (PPVT-R; Dunn & Dunn, 1981) was used to assess receptive vocabulary, and the Comprehensive Receptive and Expressive Test (CREVT; Wallace & Hammill, 1994) was used to measure both receptive and expressive vocabulary. Receptive grammatical skills were assessed via the Sentence Structure and Concepts and Directions subtests from the Clinical Evaluation of Language Fundamentals-3 (CELF-3; Semel,Wiig, & Secord, 1995) ; the Sentence Repetition and Word Structure subtests from the CELF-3 were used to measure expressive grammatical skills. The Listening to Paragraphs subtest of the CELF-3 served as a measure of receptive narrative abilities and total number of clauses in an oral narrative (Scott & Stokes, 1995) was used as an index of expressive narrative skills. Five composite scores were obtained from these measures, including a composite receptive score, composite expressive score, composite vocabulary score, composite sentence (grammar) score, and composite narrative score.
A child was diagnosed as having a language impairment if two of the five language composite scores fell below -1.25 SD (approximately the 10th percentile based on local norms established through the Child Language Research Center Project). Second-grade diagnosis also included consideration of nonverbal cognitive abilities. A performance IQ (PIQ) of 85 or above (-1 SD and above) on the Wechsler Intelligence Scale for Children-III (WISC-III; Wechsler, 1991) was defined as normal range performance. Thus, children were classified into four diagnostic categories: NL (normal language controls) = normal range language composite scores and normal range nonverbal cognition; SLI (specific language impairment) = deficient language composite scores but normal range nonverbal cognition (PIQ of 85 or above); NLI (nonspecific language impairment) = deficient language composite scores and low nonverbal cognition (PIQ between 70 and 84); LC (low cognitive) = low nonverbal cognition but normal range language composite scores.
In Table 1 , age breakdowns and means and standard deviations on the language and cognitive measures are presented for each diagnostic category. Summary information is also provided in Table 1 for other groupings that were used to examine the performance of this sample. For the analyses in which children were grouped according to presence or absence of language impairment (LI), children without LI included those with a 
Task and Procedures
The version of the nonword repetition task used in this study was the one developed by Dollaghan and Campbell (1998) , which consists of a set of 16 nonsense words ranging from one to four syllables in length (four words at each length). The following are examples of the nonwords included on this task at each of the syllable lengths: /naIb/, /teIvak/, /naI‰ouveIb/, and /taeva‰inaIg/. The phonemes that make up these nonsense words are earlydeveloping sounds that are acoustically salient, and none of the syllables that constitute the words correspond to English lexical items. The nonwords contain only tense vowels and therefore contained no weak syllables, unlike the typical metrical stress pattern in American English, in which strong and weak syllables alternate. A detailed description of the criteria guiding the development of this particular set of nonwords and the acoustic characteristics of the recorded stimuli are provided by Dollaghan and Campbell (1998) .
The NRT was administered to children individually by one of three trained examiners as part of a more comprehensive assessment protocol. The NRT was presented under headphones in a quiet testing area (in a mobile testing van) on a high-quality cassette recorder. A second cassette recorder with an external microphone was used to audiotape each child's responses for later analysis. Prior to the presentation of the NRT, children heard the following taped instructions, "Now I will say some made-up words. Say them after me exactly the way that I say them." Only one presentation of each word was provided on the tape, and in no cases were selected words replayed or presented live-voice by the examiner.
Scoring and Reliability
Scoring was completed by a trained graduate research assistant who was not one of the examiners and was blind to the subjects' language diagnosis and treatment status. The same scoring procedures used by Dollaghan and Campbell (1998) were employed in this study. Phonemes within the nonwords were scored as correct/incorrect relative to each target phoneme, such that substitutions or omissions were counted as errors. Distortions of phonemes, however, were not scored as errors. Phoneme additions were noted and tallied but were not counted as errors because they are not indicative of loss of information about the target phonemes per se. In instances in which the syllable structure of the nonword was not maintained (adding or omitting syllables), an anchoring procedure was first used to align syllable sequences as closely as possible to the target syllable prior to individual phoneme scoring. The number of phonemes repeated correctly was divided the total number of targets and then multiplied by 100 to obtain the Percentage of Phonemes Correct (PCC) for each syllable length (1-4 syllables), vowels versus consonants, and for the entire list of nonwords (Total PPC).
Audiotaped responses from 60 randomly selected subjects (10% of the sample) across the groups were independently transcribed by a second trained judge. The following phoneme-by-phoneme percentages of agreement were obtained: One-syllable words = 99.2%; twosyllable words = 98.7%; three-syllable words = 96.7%; four-syllable words = 95.4%; consonant errors = 96.8%; vowel errors = 97.1%; total errors (TOT PPC) = 96.9%.
Results and Discussion
The means and standard deviations on the NRT for percentage phonemes correct (PPC) for the total task and each syllable length are presented in Table 2 according to second-grade diagnostic category, presence/ absence of language impairment, and treatment status.
Group Differences on the NRT
Univariate analysis of variance (ANOVA) procedures were used to assess group differences in total PPC for each of the three groupings. The analysis based on second-grade diagnosis revealed a significant group effect [F(3, 577) = 21.141, p = .000, η 2 = .10]. Post hoc comparisons (Tukey HSD) indicated that children with SLI and NLI scored significantly (p < .01) lower than the NL group and those with NLI performed significantly worse than the LC group. When children were grouped according to the more general criteria of presence or absence of language impairment (combining SLI + NLI and NL + LC), children with LI had significantly lower total PPC scores than those without LI [F(1, 579) = 60.487, p = .000, η 2 = .095]. Children receiving speech-language treatment also performed significantly more poorly than those not receiving intervention in terms of total PPC scores [F(1, 579) = 66.281, p = .000, η 2 = .103].
A mixed-model, repeated-measures analysis of variance (ANOVA) was used to test for group differences at each syllable length on the NRT. The grouping variable (diagnostic category, presence/absence of LI, or treatment status) served as the between-subjects factor, and length (one, two, three, four syllables) was the repeated within-subjects factor. Using second-grade diagnosis as the grouping variable, the analysis revealed a significant main effect of syllable length [F(3, 577) = 801.389, p = .000, η 2 = .581], a significant group effect [F(3, 577) = 23.878, p = .000, η 2 = .110], and a length × group interaction [F(9, 577) = 5.604, p = .000, η 2 = .028]. Post hoc analyses (p < .01) indicated that the SLI and NLI groups performed worse than the NL group at each syllable length, with larger group differences occurring on threeand four-syllable than one-and two-syllable nonwords. There was no significant difference between the NL and LC group at any length. The performance of the LC group relative to the SLI and NLI groups varied as a function of syllable length. The LC group scored significantly higher than both the SLI and NLI groups on two-and three-syllable nonwords. On one-syllable nonwords, the LC group scored significantly better than the NLI group only. Although the LC group scored higher than the SLI and NLI groups on the four-syllable nonwords, the difference did not reach statistical significance.
For the grouping involving presence/absence of LI, a significant main effect was found for length [F(3, 579) = 976.303, p = .000, η 2 = .628] and for group [F(1, 579) = 67.718, p = .000, η 2 = .105]. Additionally, the length × group interaction was significant [F(3, 579) = 11.694, p = .000, η 2 = .020]. Similarly, the analysis based on treatment status revealed a significant length effect [F(3, 579) = 699.738, p = .000, η 2 = .547], treatment status effect [F(1, 579) = 72.988, p = .000, η 2 = .112], and length × treatment interaction [F(3, 579) = 15.594, p = .000, η 2 = .026]. In both cases, the difference between the groups in favor of the children without LI/not receiving treatment was more pronounced for three-and four-syllable than for one-and two-syllable nonwords.
Given that the association between phonological and language impairment is well established (cf. Shriberg & Kwiatkowski, 1994) and that a portion of this sample of children had been identified as having speech disorders (Shriberg, Tomblin, & McSweeny, 1999) , it was important to rule out contributions of speech production/articulation in the findings of poor nonword repetition by the children with language impairment. Individual error responses were examined for each of the 581 children to determine whether there was evidence that the target consonant or vowel was in the child's phonetic repertoire based on its correct production elsewhere within the NRT. There are a few phonemes that are only tested once on the NRT (/u/, /k/, /dz/); therefore, if errors were made on those phonemes, it was not possible to assess whether they were missing from the child's phonetic repertoire based on productions on that task. However, there are multiple occurrences of most of the phonemes constituting the nonwords, and thus evidence can be obtained regarding a child's ability to produce the majority of the sounds. For the sample as a whole, the mean percentage of errors that could be accounted for by this method was 98.6% (SD = 4.8); the mean for the group with LI was 97.4% (SD = 7.2), and that for the group without LI was 99% (SD = 3.4). A separate set of ANOVAs were conducted to assess performance of each grouping on the NRT, eliminating children for whom evidence of correct production of the target phonemes in error fell below 85%. This criteria 
Use of NRT to Rule In/Rule Out Language Disorder
Likelihood ratio (LH) analyses (Sackett, Haynes, Guyatt, & Tugwell, 1991) were conducted using secondgrade diagnosis, presence/absence of LI, or treatment status as the gold standard. In one set of analyses, the same performance criteria employed by Dollaghan and Campbell (1998) were used in an attempt to directly replicate their prior findings. A positive test result (to rule in the presence of disorder) was defined as total percentage phonemes correct (PPC) of 70% or lower. To determine the LH ratio for a positive result, the true positive rate (proportion of children with LI with total PPCs at or below 70%) is divided by the false positive rate (proportion of children with NL with total PPCs at or below 70%). At the other end of the scale, the LH ratio for a negative test result sufficient to rule out the presence of the target disorder was set at a total PPC of 81% or higher and was calculated by dividing the false negative rate (proportion of children with LI who had total PPCs this high) by the true negative rate (proportion of NL children with total PPCs in this range). In another set of analyses, more extreme cutoff scores (at or below 60% and 90% or higher) were used that maximized the ability to rule in and rule out disorder within the present sample. That is, classification tables based on PPC were constructed (using the SAS procedure LOGISTIC) in which the cutoff was systematically changed from the lowest to highest value. The sensitivity, specificity, false positive rate, and false negative rate corresponding to each cutoff was examined and cutoff values with the best properties were selected. LH ratios of greater than 1 reflect the fact that total PPC scores in the specified range are more likely to come from children with language impairment; ratios of less than 1 indicate that scores in that interval are more likely to come from children diagnosed as having normal language.
Results of the LH ratio analysis of total PPC on the NRT for children who received a second-grade diagnosis of SLI or NLI compared to NL controls are summarized in Table 3 . In the upper panel, results are presented for the analysis in which the PPC cut points that were employed were 70% or below and 81% or above. The LH ratio for a positive test result (ruling in disorder) for children with SLI and NLI, compared to the controls, was 2.78 (.25/.09) and 2.89 (.26/.09), respectively. These findings indicate that total PPCs of 70% or lower were nearly three times more likely to come from children with SLI or NLI than normal language controls. The LH ratio for a negative test result (ruling out disorder) was .66 (.44/.67) for children with SLI and .46 (.31/.67) for children with NLI, indicating that PPC scores of 81% or greater were more likely from children with a NL diagnosis. The lower panel of Table 3 provides the LH ratios for these same comparisons using more extreme cut points. Based on this analysis, the LH ratio for a positive test to rule in disorder was 4.50 (.09/.02) and 4.00 (.08/.02) for children with SLI and NLI, respectively. That is, total PPCs of 60% or below were 4.5 times more likely from children with SLI than NL, and scores in that range were 4 times more likely for children with NLI than NL. The LH ratio for a negative test (ruling out disorder) was .43 (.12/.28) for children with SLI and .21 (.06/.28) for children with NLI, indicating that total PPC scores of 90% or higher were less likely for these children than for children diagnosed as NL. The LH ratios for the two sets of cut points (70/81% and 60/90%) are summarized in the upper and lower panels of Table 4 for the grouping based on presence/ absence of language impairment. The LH ratios for the positive and negative test were quite similar to those based on the four-way diagnostic categorization. In both sets of analyses, the most discriminating positive test results would be considered "intermediate high" ratios (cf. Sackett et al., 1991) . These findings suggest that poor nonword repetition performance can help to identify children who also perform poorly on standardized language measures but is not sufficient to make this classification on its own. The negative tests, at best, resulted in "intermediate low" ratios, indicating that further testing would be needed to rule out the presence of a language disorder.
In the last set of LH ratio analyses, treatment status was used as the gold standard, along with consideration of language diagnosis. These data reflect LH ratios according to who was enrolled in speech-language treatment at second grade, excluding children who did not have a diagnosis of LI (and therefore were presumably receiving treatment for areas other than language), and excluding those who had LI but were not in treatment. Although the entire sample was included in the prior ANOVA analyses, which indicated that children enrolled in treatment demonstrated significantly poorer nonword repetition than those not in treatment, a delimited sample was used for the LH ratio analysis that was assumed to more accurately reflect intervention directed at language difficulties in particular. Results are summarized in the upper panel of Table 5 for the LH ratio analysis involving the cut points of 70% and 81%. Children with LI who were receiving language intervention were more than 6.5 times more likely to have total PPC scores of 70% or below than children without LI who were not in treatment (.47/.07 = 6.71), whereas those not in treatment were more likely to score 81% or higher (.20/.69 = .29). As illustrated in the bottom panel of Table 5 , the analysis employing the more extreme cut points indicated that PPC scores of 60% or below were 10 times more likely to come from children with LI receiving language intervention than from those not in intervention (.20/.02 = 10.0), whereas none of the children in treatment scored as high as 90% PPC on the NRT (0/.29 = 0). Thus, performance on the NRT was most effective at distinguishing between affected and unaffected children when treatment status was used as a basis for selection.
Assessment of Cultural Bias
In the last set of analyses, we examined whether the NRT provides a culture-free, nonbiased measure of linguistic abilities. Demographic data regarding race/ ethnicity was used to assess the mean performance of children of color (88 children, comprising approximately 15% of the sample) compared to that of Caucasian children (493 children, approximately 85% of the sample). A breakdown of performance according to race/ethnicity is provided in Table 6 for the NRT, as well as the standardized language measures. Children from majority and minority cultural backgrounds performed similarly with respect to total PPC scores on the NRT. On the other hand, mean scores on the standardized language measures were lower for the children of color than for the Caucasian children, particularly on the measure of vocabulary comprehension (PPVT-R). As reported in Table 6 , results from t test analyses confirmed that the performance of these two subgroups was statistically equivalent on the NRT, but differed significantly on each of the standardized language measures (p < .01).
We further investigated the issue of cultural bias by examining the distribution of scores on the NRT and second-grade language composite scores as a function of race/ethnicity. Table 7 presents the number and percentage of language composite scores that fall within the upper, lower, and middle two quartiles for children of color and Caucasian children. The language composite scores for Caucasian children were distributed as follows: 28% in the upper quartile, 21% in the lower quartile, and 51% in the middle quartiles. The language composite scores for the children of color, however, were shifted toward the lower end of the range. Only 10% of these children's scores fell in the upper quartile, whereas 45% fell in the lower quartile and 44% in the mid-range. Chi-square analysis on the distribution of scores broken into three levels (bottom quartile, middle two quartiles, top quartile) confirmed that these subgroup differences were significantly different [χ 2 (2, N = 581) = 27.16, p = .001]. As summarized in Table 8 , a different picture emerged for performance on the NRT. Scores on the NRT from both subgroups of children were distributed as expected and were very similar. That is, for children of color, 22.7% of the scores fell in the upper quartile, 22.7% in the lower quartile, and 55% in the middle quartiles. Approximately 26% of the scores for Caucasian children fell in the upper quartile, 26% in the lower quartile, and 47% in the mid-range. This pattern was statistically equivalent [χ 2 (2, N = 581) = 1.54, p = .462].
In summary, these data support the claim that children from differing cultural backgrounds perform similarly on the NRT. The lower average scores for the children of color on the standardized language measures cannot readily be explained by SES levels as indexed by maternal education. As described previously, these subgroups within the total sample evidenced equivalent maternal educational levels (both in terms of group means and variability in reported number of years in school). Presumably, other factors played a role in the subgroup differences, such as dialect use or differing experiences and world knowledge that influenced performance on the traditional, knowledge-based tests. Although corrections were made in scoring the language measures in an attempt to accommodate dialectal features of African American English, children who were not from the majority culture were still apparently operating at a disadvantage on the standard language tests (cf. Washington, 1996) . Processing-based measures such as the NRT appear to circumvent these problems by assessing children's ability to manipulate linguistic units without drawing on prior experiences and knowledge.
Conclusions
The results of this investigation replicated those of prior studies that have reported deficits in nonword repetition performance by children with SLI (e.g., Edwards & Lahey, 1998; Montgomery, 1995) and children enrolled in language intervention (Dollaghan & Campbell, 1998) . It is important to note, however, that difficulty with nonword repetition was not exclusive to children with SLI, as this category has traditionally been defined. Children with more broadly defined language impairment who had equivalent delays in cognitive and language skills also were found to exhibit poor nonword repetition abilities compared to normal language peers. These findings of similar performances by the SLI and NLI groups may be viewed as further support for the need to reconsider the role of nonverbal cognitive cutoffs and discrepancy criteria in defining SLI (cf. TagerFlusberg & Cooper, 1999) . To the extent that a deficit in nonword repetition is assumed to be a phenotypic marker of SLI, one can argue that it should distinguish between this condition and other types of problems. Although a few studies have examined nonword repetition skills of children with Williams syndrome (Grant, Karmiloff-Smith, Berthoud, & Christophe, 1996) or Down syndrome (Laws, 1998) , additional research is needed to establish whether similar patterns of nonword repetition difficulties are seen across groups of children with varying kinds of language disorders. It is important to acknowledge, however, that multiple causes may come into play in nonword repetition deficits, both across types of language problems and within the category of SLI (whether defined narrowly or more broadly with respect to nonverbal cognitive level). Further investigation is needed to examine potential underlying differences in the nature of nonword repetition deficits for individual children.
It is important to consider factors that may have accounted for the differences in nonword repetition performance by children with and without language impairment in this study. First, the role of nonverbal cognitive abilities might be examined. Although none of the children's cognitive levels fell into the range of mental retardation, there was considerable variability in reasoning skills across the sample and the average PIQ of the group with LI was lower than that for the group without LI. It might be hypothesized that lower IQ could lead to reduced ability to comply with task demands or be linked with overall decrements in aspects of cognitive functioning, such as attention, that may negatively impact upon task performance. However, there was only a modest correlation between PIQ and NRT scores for the sample as a whole (r = .218), and there was evidence of clear dissociations between these variables for particular groups within the sample. PIQ was roughly similar for children who were and were not receiving treatment, yet these groups differed significantly in their performance on the NRT. Further, despite the fact that children with NLI and LC both had equivalent, low PIQ scores (NLI: M = 77.1, SD = 4.1; LC: M = 78.8, SD = 4.1), those in the LC group demonstrated better nonword repetition than those with NLI. Although the LC group constituted a relatively small portion of the overall sample (n = 58), these children represented an interesting profile in which the discrepancy between language and nonverbal cognitive abilities was in the opposite direction of that displayed by the children with SLI. Taken together, the pattern of results indicating similarly poor nonword repetition performances by the SLI and NLI groups compared to the similarly superior nonword repetition abilities of the NL and LC groups provides strong evidence that nonword repetition abilities are not closely tied to general nonverbal cognitive level.
Another variable that could account for differences in nonword repetition is speech production difficulties, even though this particular set of nonwords was designed to reduce articulatory demands. Based on a careful analysis of output processes, Edwards and Lahey (1998) reportedly found little support for the hypothesis that nonword repetition deficits in children with SLI were related to motor planning or execution on their task. On the other hand, Stark and Blackwell (1997) found that children with language impairment exhibited difficulty relative to controls on measures of oral volitional movements and that performance on these measures was significantly correlated with nonword repetition. Our analyses provide some evidence to rule out this factor, at least in terms of limited phonetic inventories. However, a more in-depth analysis of the relation between speech disorders and performance on the NRT is currently underway (Shriberg, Ellis Weismer, Lewis, McSweeny, Pittelko, & Tomblin, in preparation) .
Results from the present study also suggest that differences in cultural-ethnic backgrounds of the groups cannot explain the nonword repetition difficulties displayed by children with LI . It was the case that a higher proportion of children of color than Caucasian children within this sample had been diagnosed as having language impairment (51% of the children of color compared to 24% of Caucasian children); however, the findings indicated that children exhibited similar mean levels of performance and distributions of scores on the NRT regardless of ethnic group. In this regard, the results of the present study confirm prior claims about the potential usefulness of processing-based measures generally, and nonword repetition tasks specifically, in providing culturally nonbiased assessments of linguistic abilities (Campbell et al., 1997; Dollaghan & Campbell, 1998 ).
In the current study, differences in nonword repetition performance displayed by children with and without language impairment do not appear to be attributable to subject characteristics such as nonverbal cognitive level or cultural-ethnic background. Although this investigation was not designed to tease apart all of the various cognitive processes assumed to contribute to nonword repetition performance, the findings do not indicate that articulatory output processes are a primary source of differences between the groups. Further, features of the nonword stimuli in this version of the nonword repetition task were designed to minimize contributions of long-term lexical memory that may have differed across the groups, though the impact of this factor remains unclear. Our findings cannot speak to the differential contributions of phonological working memory and phonological analysis processes (perception and segmentation into phonological constituents). There is considerable controversy about how to separately measure these processes and whether they can be theoretically distinguished (cf. Bowey, 1997; Edwards & Lahey, 1998; Gathercole & Baddeley, 1997; Gathercole et al., 1994) . Based on findings from other research, there is reason to hypothesize that problems children with SLI have on nonword repetition tasks may extend beyond difficulties in encoding phonological representations or maintaining phonological representations in working memory; rather, these difficulties may reflect general processing capacity limitations (cf. Leonard, 1998) . Our results from prior studies with children with SLI have supported the contention that they demonstrate processing capacity limitations on various tasks that tap verbal working memory (cf. Ellis Weismer, 1996; Ellis Weismer, Evans, & Hesketh, 1999 ). An ongoing investigation involving a subset of the children in the present study has shown that, in addition to deficits in nonword repetition, these children perform significantly worse than normal language controls on a listening span measure and dual sentence comprehension processing task that place greater demands on semantic/syntactic processing capacity within working memory than on phonological processing (Ellis Weismer & Elin Thordardottir, 1998) . Further research is needed to determine the extent to which nonword repetition deficits in children with language impairment are indicative of specific restrictions in phonological processing capacity or more generalized processing capacity limitations.
Findings from the current study are generally consistent with those of Dollaghan and Campbell (1998) , suggesting that this nonword repetition measure may have clinical utility in the diagnosis of language impairment. However, findings from the likelihood (LH) ratio analyses in the present study were not as clear-cut in terms of the accuracy of this measure in classifying children. With respect to NRT performance, Dollaghan and Campbell found a positive LH ratio of 25 and a negative LH ratio of .03, which would allow one to rule in and rule out the presence of language disorder with a very small likelihood of error. The best LH ratios that they found for a traditional, knowledge-based language measure (Test of Language Development-2, Primary; Newcomer or Test of Language Development-2, Intermediate; were 3.73 for a positive test and .91 for a negative test, which meant that the language test was somewhat useful for ruling in children who were in treatment but provided virtually no information as far as ruling this out.
There were a number of differences between the two studies that may have contributed to somewhat differing findings with respect to the LH ratio analyses, including the nature of the samples and the gold standards that were employed. The Dollaghan and Campbell study consisted of a clinically referred sample with equal numbers of affected and unaffected cases (i.e., it was equally divided between those receiving language intervention and those who were not), and included a high proportion of children from minority cultural backgrounds. The present study used a population-based sample of children in which presence and absence of language problems were not equally represented and children from majority cultural backgrounds far outnumbered minority children. Additionally, our group of second-grade children without language impairment included some children with a history of earlier language impairment. Analysis of a subset of this larger sample has indicated that these children's performance on the NRT falls between those with a current diagnosis of LI and those with no history of language problems (Ellis Weismer & Elin Thordardottir, 1998) . Without these children in the sample, it is likely that the group differences and the ability to rule in and rule out disorder would have been greater.
The most discriminating LH ratio results for nonword repetition performance were those in which treatment status, which was the gold standard in the Dollaghan and Campbell study, was used as a basis for selection. There are various reasons that NRT performance may relate more closely to treatment status than diagnosis, based on standardized test performance. To begin with, this pattern may reflect severity differences. Clinically served samples contrasted to unserved children often have a low rate of those children at the boundary who make diagnosis more difficult. Although children in the current project were classified as having a language impairment if they scored at least -1.25 SD, the children enrolled in intervention tended to be those with more severely impaired language skills. One can further speculate that the increased diagnostic accuracy obtained in the case of more severe difficulties, as compared to less severe problems, may arise from different causal factors underlying deficits in nonword repetition. As noted previously, nonword repetition difficulties may not be attributable to a unitary cause such that the cases that are most readily distinguished from normal language abilities (using treatment status and extreme cut points) may arise from a different source than less pronounced problems. There has been a good deal of discussion in the literature regarding appropriate gold standards for identifying specific language impairment (Aram, Morris, & Hall, 1993; Dunn, Flax, Sliwinski, & Aram, 1996; Plante, 1998; Plante & Vance, 1994; Records & Tomblin, 1994; Tomblin et al., 1996) , with recent research addressing appropriate diagnostic indicators of language impairment for children from culturally diverse backgrounds (Campbell et al, 1997; Dollaghan & Campbell, 1998; Dollaghan et al., 1999) . One might argue that the lack of a strong relationship between NRT performance and diagnostic category groupings based on standard clinical measures in the current study may be at least partially related to cultural bias of the standardized tests. Tomblin et al. (1997) noted that SLI occurred in higher than expected rates in children from minority backgrounds in this same sample and attributed this to test bias. Given their findings that scores on both norm-referenced and conversational language measures varied across sociodemographic groups, Dollaghan et al. (1999) argue that this conclusion may be premature because we do not yet have a full understanding of the ways in which sociodemographic variables affect children's performance on various language measures. Although maternal educational level was equivalent across the ethnic-cultural subgroups in the present study, other sociodemographic variables may have impacted differentially upon the children's language abilities, as tapped by the standard clinical measures.
In summary, nonword repetition performance was a reliable diagnostic indicator for children from varying backgrounds, though results from the LH ratio analyses did not suggest that NRT scores alone were sufficient for ruling in and ruling out language impairment. Future research is needed to develop additional, culturally nonbiased assessment measures that, in concert with nonword repetition performance, may provide a means of clearly identifying language impairment.
